INTRODUCTION
Ruminants will alter selection of their diet to alleviate low ruminal pH, including selection of sodium bicarbonate (Cooper et al., 1996; Phy and Provenza, 1998) , preference for long hay over pelleted forage (Keunen et al., 2002) , and sorting a total mixed ration (TMR) for long particles (Yang and Beauchemin, 2006a) . DeVries et al. (2008) observed that dairy cows experiencing ruminal acidosis alter their sorting of a TMR, selecting for long forage particles. DeVries et al. (2008) also provided evidence that severity of ruminal acidosis influences the extent to which dairy cows sort to attenuate this condition.
ABSTRACT:
The objective of this study was to determine how duration of time that cattle are fed a high-grain diet affects feed sorting, both before and after an episode of acute ruminal acidosis. Sixteen Angus heifers (261 ± 6.1 kg; BW ± SEM) were assigned to 1 of 4 blocks and fed a backgrounding (BG) diet (60% forage, DM basis). Within block, heifers were randomly assigned to 1 of 2 treatments differing in days fed a high-grain (HG; 9% forage, DM basis, fed ad libitum) diet before a ruminal acidosis challenge: 34 d for long adapted (LA) and 8 d for short adapted (SA). Ruminal acidosis was induced by restricting feed to 50% of DMI as a proportion of BW (determined individually for each heifer) for 24 h followed by an intraruminal infusion of ground barley at 10% of DMI as a proportion of BW measured before feed restriction. Feed and orts were sampled during the BG period, the first 26 d on the HG diet (only for LA cattle), the 8-d baseline (BASE) period, on the day of the ruminal acidosis challenge (CH), and during 2 consecutive 8-d recovery periods (REC1 and REC2) for each heifer and subjected to particle size analysis: 19-mm (long), 8-mm (medium) , and 1.18-mm (short) screens and a pan (fine). On the BG diet, sorting for medium particles tended to be greater (104.2 vs. 102.1%; P = 0.07) for LA heifers than SA heifers, while sorting against short particles was greater (98.2 vs. 100.0%; P = 0.05) for LA heifers. During the first 26 d on the HG diet, LA cattle sorted for (P < 0.001) long (118.8%), medium (117.8%), and short (104.1%) particles and sorted against (P < 0.001) fine particles (45.3%). This sorting pattern was consistent for LA heifers during BASE period, CH day, and recovery periods, across which SA heifers exhibited less sorting (P ≤ 0.1). Greater duration of pH < 5.5 during the BASE period was associated with greater sorting for long particles (R 2 = 0.75, P = 0.01) in LA heifers and for long (R 2 = 0.49, P = 0.05) and medium (R 2 = 0.88, P < 0.001) particles in SA heifers. Long-adapted heifers linearly increased the extent of sorting for long (P = 0.007) and medium (P < 0.001) particles and against fine particles (P = 0.05) during the days following the challenge to a greater extent than SA heifers. Overall, the results demonstrate that longer-term exposure of beef heifers to a HG diet, which caused persistent low rumen pH, influenced feed sorting of heifers, both before and after an induced bout of acute ruminal acidosis, in a manner that would help attenuate the effects of acidosis.
While acute episodes of severe ruminal acidosis are rare in dairy cattle, they are more prevalent (Nagaraja and Titgemeyer, 2007) and severe (Bevans et al., 2005; Wierenga et al., 2010; Schwaiger et al., 2013a) in feedlot cattle. Beef feedlot cattle frequently undergo acidotic challenges when transitioned from forage to concentratebased finishing diets (Bevans et al., 2005; Nagaraja and Titgemeyer, 2007) . Furthermore, ability to cope with metabolic challenges associated with these diets varies between individual cattle; this may be related to feed selection (Schwartzkopf-Genswein et al., 2003) . Little is known about feed sorting in beef cattle (Pritchard and Stateler, 1997) , particularly how they sort a low-forage feedlot diet and adapt their behavior over time in response to ruminal acidosis events. Therefore, the objective of this study was to determine how duration of time that cattle are fed a high-grain (HG) diet affects feed sorting behavior, both before and after an episode of acute ruminal acidosis. Our hypothesis was that longer exposure to a high-grain diet would increase the experience of longer periods of low ruminal pH, resulting in greater sorting for longer forage particles. Furthermore, it was hypothesized that those cattle would then cope better in response to a ruminal acidosis challenge by manifesting a greater change in their sorting behavior.
MATERIALS AND METHODS
This study was part of a larger study aimed at evaluating how the duration of time that cattle are fed a highgrain diet affects their susceptibility to and recovery from ruminal acidosis. As such, detailed descriptions of the methodology of the study are presented in Schwaiger et al. (2013a,b) .
Animals, Diets, and Experimental Design
Sixteen Angus heifers, housed in a tie-stall barn at the Agriculture and Agri-Food Canada Lethbridge Research Centre (Lethbridge, AB, Canada) and managed according to the guidelines set by the Canadian Council on Animal Care (CCAC, 2009), were used in the study. Heifers were fed individually at their tie stall and provided water ad libitum through an individual water bowl. Before starting the study, the experimental protocol was approved by the research center's Animal Care Committee. Each heifer was ruminally cannulated at approximately 9 mo of age and provided at least 5 wk of recovery before the start of the study. At the start of the study, the mean BW ± SEM of the heifers was 261 ± 6.1 kg.
Heifers were assigned to 1 of 4 blocks and, within block, assigned to 1 of 2 treatments designated as long adapted (LA) and short adapted (SA), indicating the length of adaptation to the HG finishing diet. Within block, average BW across treatments was balanced. Heifers on the LA treatment were fed a backgrounding (BG) diet (60% barley silage, 30% barley grain, and 10% supplement, on a DM basis; Schwaiger et al., 2013a) for 7 d before being transitioned to a barleybased, HG finishing diet (9% barley silage, 81% barley grain, and 10% supplement, on a DM basis; Schwaiger et al., 2013a) whereas SA heifers were fed the BG diet for 33 d before being transitioned to the HG diet. Differences in the duration of the BG period allowed a delay in the start of the dietary transition for the SA heifers so that the LA and SA heifers were fed the HG diet for 34 and 8 d, respectively, before their simultaneous induction of ruminal acidosis. The transition from the BG diet to the HG diet was accomplished over a 20-d period using 5 intermediate diets with each diet fed for 4 d (Schwaiger et al., 2013a) . Following induction of ruminal acidosis, heifers were provided the HG diet during a 16-d recovery period. Throughout the study, feed was offered once daily at 0900 h allowing for ad libitum intake, except for the day of and the day preceding the ruminal acidosis challenge. The total amount of feed offered was adjusted daily to ensure approximately 10% feed refusal per heifer. To ensure ad libitum intake and sufficient refusals to sample, the actual feeding rate was much higher than this target; actual feed refusal averaged 24.1 ± 15.4% (mean ± SD) of the feed offered as fed over the course of the study. Feed sorting (as described below) was measured during the BG diet period (7 d for LA heifers and 33 d for SA heifers), an 8-d baseline (BASE) period before the ruminal acidosis challenge, the day of the ruminal acidosis challenge (CH), and 2 consecutive 8-d recovery periods (REC1 and REC2) following the challenge. In addition, feed sorting was measured for the additional 26 d the LA heifers were fed the HG diet.
The ruminal acidosis challenge was similar to that of Dohme et al. (2008) . On the day before the CH, feed intake for both LA and SA was restricted to 50% of DMI as a proportion of BW. Data from the day of feed restriction was not used in the statistical analysis. On the day of the CH, heifers (excluding those in block 1) were provided with an intraruminal infusion of ground barley grain (ground to pass through a 4.5-mm sieve) at 0900 h equating to 10% of DMI as a proportion of BW measured before feed restriction. Heifers in block 1 were infused with the same lot of ground barley but at 20% of DMI as a proportion of BW; however, because of the severity of the resulting ruminal acidosis, the amount of grain infused was subsequently reduced for the cattle in the remaining blocks. Heifers were then given their full diet allocation 1 h after the intraruminal infusion (at 1000 h).
Feed Sampling and Analysis
The amount of feed offered and refused was recorded daily throughout the study. Representative samples, for particle size analysis, of the diets (BG and HG) were taken twice each week for each treatment within each block of heifers. These samples were composited on a weekly basis and stored at -20°C until further analysis. Before analysis, TMR samples were allowed to thaw and the following feeding periods were composited by block to yield 4 samples/treatment for each: BG, 26-d extended HG feeding (LA only), BASE, CH and REC1, and REC2 periods.
During the BG period and the 26-d extended HG feeding period (LA only), the feed refused from each heifer were subsampled every day and composited for each heifer for each period. During the BASE period, refusals for each heifer were subsampled every day (with exception of d 1); samples for d 2 to 5 in the BASE period were composited for each heifer, while the samples for d 6 to 8 were kept individual. During the CH and REC1 period, refusals for each heifer were subsampled every day, while during the REC2 period orts were subsampled every second day. All samples were then stored at -20°C until further analysis.
All samples taken (offered TMR and orts) were separated, in duplicate, using the 3-screen (19, 8, and 1.18 mm) Penn State Particle Separator (Kononoff et al., 2003) . This device separated the samples into 4 particle size fractions: long (>19 mm), medium (<19 and >8 mm), short (<8 and >1.18 mm) and fine (<1.18 mm; pan) particles. Duplicated results were averaged to create set of values (i.e., % of long, medium, short, and fine particles) for each sample.
After separation, the DM of each separated fraction, from the offered TMR, was determined by oven drying at 55°C for 48 h. The particle fractions for the offered TMR samples were then ground to pass through a 1-mm sieve (SM100; Retsch, Hann, Germany). Analytical DM content was determined by drying samples at 135°C for 2 h (AOAC, 1995) and was used to calculate nutrient composition on a DM basis. Crude protein was estimated from the N concentration (CP = N × 6.25), which was determined using flash combustion (Carlo Erba Instruments, Milan, Italy). Neutral detergent fiber and ADF were determined using an Ankom Fiber Analyzer (Ankom Technology Corporation, Fairport, NY) using separate runs. Heat-stable α-amylase and sodium sulfite were used in the NDF procedure (Van Soest et al., 1991) . Starch content was determined using enzymatic hydrolysis of α-linked glucose polymers as described by Rode et al. (1999) with minor modifications. Briefly, 100 to 500 mg of sample was diluted in 25 mL 0.1 N Na-acetate buffer and 200 μL of α-amylase (Termamyl; Novo Nordisk, Bagsvaerd, Denmark) was added. Tubes were vortexed immediately and at 10, 20, and 30 min while incubating at 95°C in a constantly shaking water bath. Incubation at 95°C continued for an additional 0.5 h. Subsequently, the incubation temperature was lowered to 65°C and 200 μL amyloglucosidase (208-469; Boehringer Mannheim, Laval, QC, Canada) was added to the tubes. Tubes were vortexed immediately and after 30 and 60 min of incubation at 65°C. Incubation at 65°C continued for an additional 1 h followed by cooling for 5 min. Tubes were then centrifuged (29,000 × g for 15 min at 4°C) and diluted 1:20 using double distilled water. Fifty microliters of sample was added to a microplate and 300 μL glucose Trinder reagent (315-100; Sigma-Aldrich, St. Louis, MO) was added to all wells. Following a 20-min incubation at 39°C, glucose was determined by reading the absorbance at 508 nm (Appliscan Multiplate Reader; Thermo Electron Company, Waltham, MA). Means from 4 glucose determinations were compared in duplicate and results were confirmed when the CV < 5.0%. The physical effectiveness factor was determined as the DM proportion of particles retained by the top 2 sieves of the Penn State Particle Separator; physically effective NDF was calculated by multiplying the NDF content of the feed by the physical effectiveness factor (Yang and Beauchemin, 2006b ). Particle size distribution and chemical composition of the offered particle fractions can be found in Table 1 .
Ruminal pH Measurement
Ruminal pH data were recorded every 1 min using an indwelling pH measurement system (LRCpH Data Logger system; Dascor, Escondido, CA), as described in detail by Penner et al. (2006) , which was positioned and remained in the bottom of the cranial-ventral sac. Measurement started on d 1 of BASE and persisted through to the final day of experimentation resulting in 26 d of measurements. The daily minimum, mean, and maximum pH as well as duration (min) and area (min × pH) that pH was <5.5 were calculated. The day of the dietary restriction before CH was discarded from analysis as were pH data from days when the temporarily isolated and washed reticulorumen procedure was conducted (d 5 of BASE, d 2 of REC1, and d 1 of REC2; see Schwaiger et al., 2013b) . After these deletions, 22 d of pH data remained for each heifer (7 d for BASE, 1 d for CH, and 7 d for each for REC1 and REC2).
Calculations and Statistical Analysis
Sorting was determined for each heifer during the BG period, the 26-d HG period (for LA heifers only), the BASE period, the CH day, the 8-d REC1 period, and 4 d (alternating) of the REC2 period. Feed sorting was calculated as the actual (as-fed) intake of each fraction of Penn State Particle Separator expressed as a percentage of the predicted (as-fed) intake of that fraction (Leonardi and Armentano, 2003) . The actual intake of each individual fraction was calculated as the difference between the amount of each fraction in the offered feed and that in the refused feed. The predicted intake for each individual fraction was calculated as the product of the intake of the total diet multiplied by the percentage of that fraction in the offered diet. Values equal to 100% indicate no sorting, <100% indicate selective refusals (sorting against), and >100% indicate preferential consumption (sorting for).
Before analyses, all data were screened for normality using the UNIVARIATE procedure of SAS (version 9.2; SAS Inst. Inc., Cary, NC). To test whether sorting occurred during each measurement period, sorting for each fraction of the Penn State Particle Separator was tested for a difference from 100 using t tests. To compare the sorting of the BG diet between LA and SA heifers, data were analyzed using the MIXED procedure of SAS. This model included the fixed effect of treatment and the random effects of block and heifer within block and treatment.
To test for differences in sorting of the HG diet between treatments, across the BASE, CH, REC1, and REC2 periods, data were summarized by heifer and period and analyzed using the MIXED procedure of SAS treating period as a repeated measure. The model included the fixed effects of period, treatment, and period × treatment interaction and the random effects of block and heifer within block and treatment. Heifer within block and treatment was included in the model as the subject of the repeated statement. Heterogeneous compound symmetry was selected as the covariance structure on the basis of best fit according to Schwarz's Bayesian information criterion.
To test the hypothesis that longer and greater periods of low ruminal pH would result in greater selection for longer particles, the regression procedure of SAS was used to examine, within treatment, the relationship between sorting (of each particle fraction during each period) and measures of ruminal pH. Only those significant (P ≤ 0.05) models are further reported.
To investigate if sorting of the HG diet varied between treatments and across the CH day and first 8 d of recovery (REC1), data were analyzed using the MIXED procedure of SAS treating day as a repeated measure. The model included the fixed effects of day, treatment, and day × treatment interaction and the random effects of block and heifer within block and treatment. Heifer within block and treatment was included in the model as the subject of the repeated statement. Heterogeneous compound symmetry was selected as the covariance structure on the basis of best fit according to Schwarz's Bayesian information criterion.
To model the change in sorting over the CH day and first 8 d of recovery, analysis of covariance was conducted to determine if there were significant linear, quadratic, or cubic effects of day. To accomplish this, data were analyzed using the MIXED procedure of SAS. The fixed effects of treatment, day, treatment × day, day 2 , treatment × day 2 , day 3 , and treatment × day 3 were tested with random effects of block and heifer within block and treatment. Starting with the highest order term, nonsignificant (P > 0.05) terms were removed from the model in a stepwise fashion until only significant (P ≤ 0.05) terms remained in the model. When an interaction was significant, the lower order term was removed.
All values reported are least squares means. Significance was declared at P ≤ 0.05, and trends were reported if 0.05 < P ≤ 0.10.
One SA heifer was removed from the study before the ruminal acidosis induction due to low intake, frothy ruminal contents, and keratinized epithelia. Data for this heifer from the CH day and REC1 and REC2 periods were considered missing, while BG and BASE data from this heifer were used in statistical analysis.
RESULTS
The type and extent of sorting of the BG diet varied by treatment group (Table 2) . The LA cattle sort- Table 1 . Particle size distribution of the rations, DM, NDF, and starch content of the particle fractions fed to heifers on backgrounding (BG) and high-grain (HG; finishing) diets (means ± SD) Particle ed for the medium (8 mm) particles and against short (1.18 mm) and fine (pan) particles. The SA cattle sorted against the long (19 mm) and fine particles while sorting for medium particles. The extent of sorting for the medium particles tended (P = 0.07) to be greater for the LA cattle; the sorting against the short particles was also greater for the LA cattle. During the first 26 d on HG diet (before the BASE period), the LA cattle sorted for (P < 0.001) the long (118.8 ± 3.10%), medium (117.8 ± 3.14%), and short (104.1 ± 1.09%) particles and sorted against (P < 0.001) the fine particles (45.3 ± 13.72%). This sorting pattern remained consistent for the 8-d BASE period (before the challenge) for the LA cattle (Table 3) . Alternatively, the SA cattle exhibited, on average, much less sorting during the 8-d BASE period. Interestingly, variability among cattle in sorting during the BASE period was associated with ruminal pH for both treatments. For LA cattle, greater duration of pH < 5.5 was associated with greater sorting for long particles (long particle sorting Similar patterns of sorting in the BASE period were extended through the CH day and recovery (REC1 and REC2) periods (Table 3 ). The LA cattle sorted consistently for the long particles across these time periods, while the SA cattle did not sort for or against this particle fraction. Cattle in both treatments sorted for the medium particles across time periods, but this sorting tended to be greater for the LA cattle. The LA cattle sorted for short particles, while this sorting was only observed during the REC2 period for the SA cattle. Both LA and SA cattle sorted against the fine particle fraction. The extent of this sorting tended to be greater for the LA cattle and varied across periods. For the LA cattle, sorting against fine particles was greatest in the REC1 period, while for the SA cattle, this sorting was greatest in the REC2 period.
Long-adapted cattle sorted for long and medium particles to a greater extent than SA cattle on the CH day and first 8 d of recovery (Table 4 ). This sorting of long and medium particles varied across this time period, increasing in the days following the CH, peaking on the second recovery day, and decreasing thereafter. Analysis of covariance was used to comprehensively evaluate the effect of treatment on the between-day responses for the extent of sorting on the challenge day and the first 8 d of recovery. It is clear that over this time period, LA heifers increased their sorting for long (Fig. 1) and medium (Fig.  2) particles at a greater rate in the days following the challenge. The fitted data for long particle sorting indicated treatment differences between linear slopes (P = 0.0038), quadratic coefficients (P = 0.0041), and cubic coefficients (P = 0.0051). The fitted data for medium particle sorting indicated treatment differences between y-intercepts (P = 0.085), linear slopes (P < 0.001), quadratic coefficients (P < 0.001), and cubic coefficients (P = 0.001).
Both LA and SA cattle sorted consistently, and to a similar degree, for the small ration particles on the CH day and first 8 d of recovery (Table 4 ). All cattle sorted against the fine ration particles during this time period, with LA cattle sorting to a greater extent than SA cattle (Table 4 ). This sorting against fine particles varied over time, with greatest sorting observed in the first 3 d following the CH. This increased rate in sorting against fine particles was greater for the LA cattle compared to the SA cattle (Fig. 3) . The fitted data for long particle sorting indicated treatment differences between linear slopes (P = 0.028), quadratic coefficients (P = 0.032), and cubic coefficients (P = 0.041).
DISCUSSION
Apart from feeding management and dietary manipulation, previous studies evaluating factors affecting the susceptibility to ruminal acidosis have largely focused on short-chain fatty acid absorption (Penner et al., 2009; Schwaiger et al., 2013b) , rumination activity , and changes in microbial composition (Khafipour et al., 2009; Mohammed et al., 2012) . In papers linked to the current study, Schwaiger et al. (2013a,b) reported that heifers offered a HG diet for an additional 26 d (34 vs. 8 d) before an induced challenge required less time to recover from the induced bout of acute ruminal acidosis, had improved ruminal pH stability both before 1 Sorting % = 100 × (n intake/n predicted intake), in which n = particle fraction screens of 19 mm (long), 8 mm (medium), 1.18 mm (short), and a pan (fine). Sorting values equal to 100% indicate no sorting, <100% indicate selective refusals (sorting against), and >100% indicate preferential consumption (sorting for).
2 Difference in sorting values from 100% expressed as *P < 0.05 and †P < 0.10. and after the ruminal acidosis challenge, and had greater rates of short-chain fatty acid absorption after induction of ruminal acidosis. In addition, it has been reported that dairy cattle with greater risk for or severity of ruminal acidosis sorted for long particles (Yang and Beauchemin, 2006a; DeVries et al., 2008) , suggesting that sorting behavior may also influence the susceptibility to and recovery from ruminal acidosis. The current study was designed to evaluate whether heifers exposed to a HG diet for a greater duration of time altered their feed sorting behavior before and after an induced bout of ruminal acidosis. The sorting pattern observed for the BG diet (60% forage DM) was similar to that observed by dairy cows fed diets with a similar level of forage (DeVries et al., 2007 . This is interesting given that the ingredient composition of dairy cattle diets is much different, as is the metabolic state of dairy cows. The results suggest that despite these differences, the physical composition of the ration similarly influences the sorting activity of beef and dairy cattle. Based on the nutrient composition of the particle fractions of the BG ration, it is clear that the heifers were sorting against those fractions with low starch content and high fiber and sorting for a fraction with both medium starch and fiber content. Based on the ration ingredient composition, this suggests that heifers were sorting for those silage particles containing grain. During the BG period, LA heifers exhibited slightly more sorting for the medium particles and against short particles. It is possible that this difference may have been related to their previous diet and the length of time on the BG diet. Before receiving the BG diet, all heifers 1 Sorting % = 100 × (n DMI/n predicted DMI), in which n = particle fraction screens of 19 mm (long), 8 mm (medium), 1.18 mm (short), and a pan (fine). Sorting values equal to 100% indicate no sorting, <100% indicate selective refusals (sorting against), and >100% indicate preferential consumption (sorting for).
2 Difference in sorting values from 100% expressed as *P < 0.05 and †P < 0.10. 4 CH = challenge day that occurred 1 d after dietary restriction (50% DMI/BW) and consisted of an intraruminal infusion of ground barley grain (10% DMI/ BW) followed by full diet allocation; R1 through R8 = first 8-d recovery period that started 24 h after the challenge 5 Greatest SEM is shown.
6 T = treatment; D = day within challenge day and 8-d recovery period. 1 Sorting % = 100 × (n DMI/n predicted DMI), in which n = particle fraction screens of 19 mm (long), 8 mm (medium), 1.18 mm (short), and a pan (fine). Sorting values equal to 100% indicate no sorting, <100% indicate selective refusals (sorting against), and >100% indicate preferential consumption (sorting for).
2 Difference in sorting values from 100% expressed as *P < 0.05 and †P < 0.10. 4 BASE = baseline period, consisting of 8 d on the high-grain diet before a day of dietary restriction (50% DMI/BW) and the following ruminal acidosis challenge; CH = challenge day that occurred 1 d after dietary restriction and consisted of an intraruminal infusion of ground barley grain (10% DMI/BW) followed by full diet allocation; REC = recovery period that started 24 h after the challenge and is separated into 2 consecutive 8-d periods (REC1 and REC2).
5 Greatest SEM is shown.
were offered (9 kg/d, as fed) a diet of 95% long-stemmed grass hay and 5% pellet comprising beet pulp, alfalfa hay, minerals, and vitamins. It is possible that heifers would have initially sorted for those feed types and particle sizes that were more familiar to them and against those that they had limited or no previous experience with. Then after a period of time, they may have altered their sorting as they became more familiar with that feed. This phenomenon has been demonstrated in dairy bull calves, who when fed either concentrate or forage from birth to milk weaning initially sorted, after weaning, for those components that they were familiar with, but after a period of 4 wk, all calves selected for concentrate and against forage (Miller-Cushon and DeVries, 2011). As the SA heifers had more time on the BG diet (33 vs. 7 d), it is possible that they may have exhibited similar sorting patterns to the LA cattle in the initial days following transition to the BG diet and then adjusted their sorting behavior over time. As sorting was measured from a composite sample from the entire BG period, it is not known if or how sorting changed over the BG period. Long-adapted cattle changed their pattern of sorting during the entire 34-d period (first 26 d and 8-d BASE period) they were on the HG diet compared to when they were on the BG diet. During this period, these cattle sorted extensively for the long and medium ration particles, which were high in NDF and lower in starch, while sorting against the fine ration particles. Sorting for the long and medium particles was most likely done in attempt to ameliorate discomfort associated with low ruminal pH conditions, as duration of rumen pH < 5.5 was strongly associated with greater sorting for the long particle fraction in LA cattle and with greater sorting for the long and medium particle fractions in the SA cattle. Sorting for the most fibrous particles and association with low rumen pH are similar to that reported by DeVries et al. (2008) , providing further support for the concept that cattle will attempt to select a diet to help stabilize rumen conditions. During the BASE period, on average, heifers were spending approximately 9 h/d with pH < 5.5 (Schwaiger et al., 2013a) . This observation is similar to the 9.5 h/d of pH < 5.5 observed by Dohme et al. (2008) when subjecting high-risk lactating dairy cattle to an acidosis challenge for the third time in a period of 42 d. This would suggest that the heifers in the current study were dealing with substantial acidotic events already during this BASE period; therefore, the sorting observed may be one strategy used by the LA heifers to help stabilize rumen pH.
It is noteworthy that the SA cattle sorted the HG feed during the BASE period quite similarly to how they sorted the BG diet and not to the same extent as the LA cattle. This difference would suggest that the longer period of exposure to the HG diet and potentially more sustained acidotic events may have contributed to the learning of and engagement in greater sorting by the LA cattle. With repeated exposure to acidotic events, cattle may adapt their feed selection to prevent ruminal imbalances (Provenza, 1995) . For example, Dohme et al. (2008) reported that in a series of 3 ruminal acidosis challenges, although all cows consumed the entire grain allotment during the first challenge period, the number of cows that refused some portion of the grain progressively increased in subsequent periods. Furthermore, in that same study, DeVries et al. (2008) noted that the degree of sorting by cows, to increase intake of physically effective fiber and reduce intake of starch, was greater after their second ruminal acidosis challenge. Less between-day variability in the duration pH < 5.5 was observed for the LA cattle during the BASE period (Schwaiger et al., 2013a) . It was suggested by Schwaiger et al. (2013a) that the short duration on the HG diet for the SA cattle may have increased the between-day variability in ruminal pH buffering. The current results suggest that in addition to increased rates of short-chain fatty acid absorption (Schwaiger et al., 2013b) , the decreased variability in rumen pH observed in the LA heifers during the BASE period may have been partially mediated through greater rumen buffering as result of greater effective fiber intake due to their sorting behavior.
On the CH day and in the days following, both LA and SA cattle increased their sorting for long and medium ration particles while increasing their sorting against the fine ration particles. This increase in the degree of sorting is, again, likely in response to the severity of the ruminal acidosis that was experienced on the CH day, where heifers experienced ruminal pH < 5.5 for up to and over 16 h on that day. It is interesting to note that sorting for the longest ration particles by both LA and SA cattle increased following the CH day and peaked at d 2 of the recovery period. This would suggest that this dramatic acute ruminal acidosis episode had a greater and longer-term impact on the behavior of the cattle than the previous less severe, more chronic ruminal acidosis experiences while consuming the HG diet. The delayed response in sorting after the CH day may have been related to the challenge induction model. González et al. (2009) postulated that following a short-term feed deprivation, beef heifers fed a mixed ration may either increase their intake, to meet their nutrient requirements as well as stimulate chewing, or sort the ration more for forage to increase total chewing activity. The results of this study would suggest that both of these changes in feeding behavior occurred in the study heifers. It is possible that on the CH day, as a result of the severe ruminal acidosis, heifers may have experienced severe malaise, which may have negatively impacted their desire to engage in any food searching (Hart, 1988) . Rather, they likely directed their feeding behavior simply to achieve a sufficient level of DMI to satiate them (particularly after a day of restriction) and provide enough fill to stimulate chewing. As their ruminal conditions began to recover, it is possible that they devoted more time to feeding activity-which included more time to sort through their feed. While the time course of eating was not recorded in the present study, DeVries et al. (2009) did note that the amount of time devoted to feeding was increased in the first 2 d after a ruminal acidosis challenge in dairy cattle. In that study, increased sorting for longer ration particles and against shorter ration particles was also evident across those 2 d .
Despite experiencing similar severity of ruminal acidosis on the CH day (Schwaiger et al., 2013a) , LA heifers linearly increased the extent of sorting for long and medium particles and against fine particles during the days following the challenge to greater extent than the SA heifers. This provides further support for the idea that the longer exposure to the HG diet allowed the LA heifers to learn how to adapt their sorting behavior in response to low ruminal pH. As the LA cattle made a much quicker recovery, in terms of ruminal pH, following the ruminal acidosis challenge (Schwaiger et al., 2013a) , it can also be hypothesized that this greater adaptation in sorting could be partially responsible for this recovery. Despite similar DMI during the CH day and across the first 8 d of recovery (Schwaiger et al., 2013a) , based on the sorting exhibited, it is predicted that the LA heifers would have consumed 10% more NDF (+260 g/d) and physically effective NDF (+40 g/d) on the CH day and 10% more physically effective NDF (+30 g/d) across the first 8 d of recovery. While this difference is not large, any increase in effective fiber intake could potentially increase saliva production (Maekawa et al., 2002) . In the HG diet, effective fiber would come from the barley silage; Beauchemin et al. (2008) demonstrated that saliva is produced at a rate of 9.03 mL/g of NDF in barley silage. This rate is at the lower end of the 10 to 15 L of saliva secreted per kg of DMI on a daily basis reported for the majority of domesticated cattle (Bailey, 1961; Kaufmann, 1976; Dijkstra et al., 2012) . Therefore, using the secretion rate from Beauchemin et al. (2008) , LA heifers would have been predicted to produce ap-proximately 360 and 270 mL/d more saliva on CH day and during REC1 period, respectively, due to their sorting behavior. It is, therefore, possible that the increase in sorting postchallenge, particularly for LA heifers, may have in part helped rumen buffering through increase saliva production, which was observed across all heifers (+24 L/d) during that time period (Schwaiger et al., 2013b) . While no difference in saliva production between treatment groups was observed during the REC1 period (Schwaiger et al., 2013b) , it is possible that the saliva collection protocol was not sensitive enough to detect this predicted difference in saliva production. Further work is therefore encouraged to determine how dietary selection and the resultant variation in fiber consumption may impact saliva production and composition and rumen buffering.
From a practical standpoint, the amount of long forage particles heifers were able to select for in the present study was more than what would be seen in commercial settings. Heifers were provided feed in excess (>20% refusals), providing them with much more long particles to select for than if provided a ration consumed with limited to no refusals. Work with dairy cattle has shown that sorting of mixed rations increases linearly with the amount of feed refusals (Leonardi and Armentano, 2007; Miller-Cushon and DeVries, 2010) . Therefore, the sorting observed in the current study was likely exacerbated by the high level of feeding. Many feedlots have moved to zero or near zero refusal levels, which in theory limits the amount of feed sorting across the day (Pritchard and Bruns, 2003) . That does not mean, however, that cattle will not sort feed within the day. Within-day sorting may be particularly prevalent for HG feedlot diets, as used in the current study, which typically contain 15% or less forage and <5% long and medium particles (Koenig and Beauchemin, 2011) and also have low moisture content. While there are no data on how these factors influence feed sorting in beef cattle, researchers have demonstrated that dairy cattle are able to sort mixed rations more when forage content is low (DeVries et al., 2007 and DM content increases (Leonardi et al., 2005) . It is presumable, then, for group-fed feedlot cattle that those cattle with primary bunk access may consume the majority of the forage before others can get to the bunk. This may result in variability in composition of feed consumed both within animals across the day as well as between animals. Overall, these results provide evidence that beef cattle fed HG rations are motivated to consume long forage particles and will seek out physically effective fiber when provided rations with limited forage content. Sorting may pose a welfare concern if forages content of the diet is very low as the fiber may be sorted out of the bunk early in the day. Further work is therefore encouraged to ensure feedlot cattle are provided diets that contain sufficient levels of physically effective fiber and that are difficult to sort while still promoting high efficiency and growth.
Conclusions
The results demonstrate that long-term exposure of beef heifers to a HG diet, which caused persistent low ruminal pH, influenced the feed sorting behavior of beef heifers. Greater sorting for the longest, fibrous ration particles before the ruminal acidosis challenge was associated with low ruminal pH, suggesting that heifers were attempting to attenuate the effects of acidosis. Furthermore, heifers that spent more time on a high concentrate diet before a bout of imposed severe ruminal acidosis sorted their ration more for the longest, most fibrous particles in that diet both before and after the induced acidosis. Those longer adapted heifers also experienced less variability in ruminal pH before the challenge and recovered quicker from the challenge, suggesting that their sorting behavior contributed to the maintenance of a stable rumen environment.
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